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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting 
element drive circuit capable of rapidly falling an optical 
output wave form with suppressing ringing at start 
thereof. ^ ' 

SOLUTION: The drive circuit comprises a plurality of 
parallel connected differential circuits for feeding a 
semiconductor element with a drive current a plurality 
of current sources for feeding two transistors 
constituting the differential circuit with a specified 
constant current first switching transistors connected in 
series to inputs of the transistor so as to be set to an 
ON-state at start of an optical output waveform, first 
resistors set to resistance values enough for 
suppressing the ringing at the start of the output 
waveform, second switching transistors connected in 
parallel to the first switching transistors and the first 
resistors so as to be set to an OFF-state at the start of 
the output waveform, and second resistors set to 
resistance values so as to quickly drop the output 
waveform. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dainages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A light emitting device actuation circuit for supplying pulse-like actuation current to a 
semiconductor light emitting device characterized by providing the following Two or more differential 
circuits which supply said actuation current to said semiconductor light emitting device and which were 
connected to juxtaposition Two or more current sources established for said every differential circuit 
which supplies predetermined fixed current to two transistors which constitute said differential circuit 
The 1st resistor set as the 1st transistor for a switch which is set as ON condition at the time of a standup 
of an optical output wave of said semiconductor light emitting device connected to a serial at an input of 
said transistor, respectively, and is set as an OFF condition at the time of falling of said optical output 
wave, and resistance which controls a ringing at the time of a standup of said optical output wave The 
2nd resistor set as resistance from which it connects with the 2nd transistor for a switch which is set as 
an OFF condition at the time of a standup of an optical output wave of said semiconductor light emitting 
device connected to the 1st transistor for a switch, and said 1st resistor and juxtaposition, and is set as 
ON condition at the time of falling of said optical output wave, and the 2nd [ said ] transistor for a 
switch at a serial, and falling of said optical output wave becomes a high speed [ said ] 
[Claim 2] A light emitting device actuation circuit according to claim 1 where a pulse signal which has a 
predetermined time delay and starts, respectively is inputted into said two or more differential circuits 
through the 1st [ said ] transistor for a switch, and said 1st resistor at the time of a standup of said optical 
output wave. 

[Claim 3] A light emitting device actuation circuit according to claim 1 where a pulse signal which 
synchronizes, respectively and starts is inputted into said two or more differential circuits through the 
2nd [ said ] transistor for a switch, and said 2nd resistor at the time of falling of said optical output wave. 

[Claim 4] A light emitting device actuation circuit for supplying pulse-like actuation current to a 
semiconductor light emitting device characterized by providing the following Two or more differential 
circuits which supply said actuation current to said semiconductor light emitting device and which were 
connected to juxtaposition Two or more current sources established for said every differential circuit 
which supplies predetermined fixed current to two transistors which constitute said differential circuit 
The 1st resistor set as the 1st transistor for a switch which is set as ON condition at the time of a standup 
of an optical output wave of said semiconductor light emitting device connected to a serial at an input of . 
said transistor, respectively, and is set as an OFF condition at the time of falling of said optical output 
wave, and resistance which controls a ringing at the time of a standup of said optical output wave A 
capacitor set as capacity value from which it connects with the 2nd transistor for a switch which is set as 
an OFF condition at the time of a standup of an optical output wave of said semiconductor light emitting 
device connected to the 1st transistor for a switch, and said 1st resistor and juxtaposition, and is set as 
ON condition at the time of falling of said optical output wave, and the 2nd [ said ] transistor for a 
switch at a serial, and falling of said optical output wave becomes a high speed [ said ] 
[Claim 5] A light emitting device actuation circuit according to claim 4 where a pulse signal which has a 
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predetermined time delay and starts, respectively is inputted into said two or more differential circuits 
through the 1st [ said ] transistor for a switch, and said 1st resistor at the time of a standup of said optical 
output wave. 

[Claim 6] A light emitting device actuation circuit according to claim 4 where a pulse signal which 
synchronizes, respectively and starts is inputted into said two or more differential circuits through the 
2nd [ said ] transistor for a switch, and said capacitor at the time of falling of said optical output wave. 



[Translation done.] 



http://www4.ipdljpo.gojp/cgi-bin/tran__web_cgi_ejje?u=http%3A%2F%2Fvi^ 1/22/2004 



Page 1 of 6 



* NOTICES * 

Japan Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the hght emitting device actuation circuit for 
driving a semiconductor light emitting device, this invention is used especially for high-speed optical 
communication, and relates to a suitable light emitting device actuation circuit. 
[0002] 

[Description of the Prior Art] As a light emitting device actuation circuit for driving semiconductor light 
emitting devices, such as a laser diode, by pulse current, circuitry as shown in drawing 6 is known 
conventionally. 

[0003] Drawing 6 is the circuit diagram showing the configuration of the conventional light emitting 
device actuation circuit. 

[0004] As shown in drawing 6 , the conventional light emitting device actuation circuit 1 1 is the 

configuration of having the transistors Ql and Q2 for supplying pulse current to a laser diode LD, and 

the current source 12 for passing predetermined fixed current Idc to transistors Ql and Q2. 

[0005] A differential circuit is formed because a transistor Ql and a transistor Q2 connect emitters, and 

this emitter is connected to the power supply VEE through the current source 12. 

[0006] Moreover, the collector of a transistor Ql is connected to the cathode of the laser diode LD 

which is a semiconductor light emitting device, and the power supply VCC (> VEE) is connected to the 

anode of a laser diode LD. Moreover, the power supply VCC is cormected to the collector of a transistor 

Q2. 

[0007] In addition, as shown in drawing 6 , between a laser diode LD and the collector of a transistor 
Ql, it becomes the configuration that an inductor LI is inserted in a serial equivalent with a circuit 
pattern, and a capacitor CI is inserted between touch-down potentials. Moreover, between the collectors 
of a power supply VCC and a transistor Q2, it becomes the configuration that the inductor L2 was 
inserted in the serial equivalent with the circuit pattern, and the capacitor C2 was inserted between 
touch-down potentials. 

[0008] In such a light emitting device actuation circuit 1 1 of a configuration, when carrying out pulse 
actuation of the laser diode LD by the high current at high speed, the problem which the ringing at the 
time of the standup of actuation current owing to with big existence of the above-mentioned inductors 
LI and L2 and a capacitor CI, and C2 grade produces, and a big ringing produces also in an optical 
output wave is known. 

[0009] So, in the conventional light emitting device actuation circuit 1 1, the ringing of the optical output 
wave in inserting resistors Rl and R2 in a serial at the base of the transistors Ql and Q2 which form a 
differential circuit was controlled. 

[0010] 

[Problem(s) to be Solved by the Invention] With the configuration of the light emitting device actuation 
circuit shown in drawing 6 , in order to control the ringing at the time of the standup of an optical output 
wave, it is necessary to connect the resistor of a comparatively big value to the base of transistors Ql 
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and Q2. In this case, since the laser diode LD itself has gain, resistors Rl and R2 are connected to the 
base of transistors Ql and Q2, input resistance is enlarged, and even if it reduces the gain of a 
differential circuit, the optical output wave which fully starts at a high speed can be acquired. 
[001 1] However, since the falling time amount of an optical output wave was decided by the transient 
characteristic at the time of ON/OFF of transistors Ql and Q2, when the input-resistance value was 
enlarged, it had the problem to which the falling time amount of an optical output wave becomes long. 
[0012] the light emitting device actuation circuit which can be brought down at a high speed is offered 
controlling the ringing at the time of the standup of an optical output wave, when it is made in order that 
this invention may solve the trouble which a Prior art which was described above has, and carrying out 
pulse actuation of the semiconductor light emitting device - it aims at things. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned object a light emitting device 
actuation circuit of this invention Two or more differential circuits which are light emitting device 
actuation circuits for supplying pulse-like actuation current to a semiconductor light emitting device, 
and supply said actuation current to said semiconductor light emitting device and which were connected 
to juxtaposition, Two or more current sources established for said every differential circuit which 
supplies predetermined fixed current to two transistors which constitute said differential circuit, It is set 
as ON condition at the time of a standup of an optical output wave of said semiconductor light emitting 
device connected to a serial at an input of said transistor, respectively. The 1st resistor set as the 1st 
transistor for a switch set as an OFF condition at the time of falling of said optical output wave, and 
resistance which controls a ringing at the time of a standup of said optical output wave, Connect with the 
1st transistor for a switch, and said 1st resistor and juxtaposition. [ said ] It is set as an OFF condition at 
the time of a standup of an optical output wave of said semiconductor light emitting device. It is the 
configuration of having the 2nd resistor set as resistance from which it connects with the 2nd transistor 
for a switch set as ON condition at the time of falling of said optical output wave, and the 2nd [ said ] 
transistor for a switch at a serial, and falling of said optical output wave becomes a high speed. 
[0014] Here, at the time of a standup of said optical output wave, a pulse signal which has a 
predetermined time delay and starts, respectively may be inputted into said two or more differential 
circuits through the 1st [ said ] transistor for a switch, and said 1st resistor, and a pulse signal which 
synchronizes, respectively and starts may be inputted into said two or more differential circuits through 
the 2nd [ said ] transistor for a switch, and said 2nd resistor at the time of falling of said optical output 
wave. 

[0015] Moreover, two or more differential circuits which other light emitting device actuation circuits of 
this invention are light emitting device actuation circuits for supplying pulse-like actuation current to a 
semiconductor light emitting device, and supply said actuation current to said semiconductor light 
emitting device and which were connected to juxtaposition, Two or more current sources established for 
said every differential circuit which supplies predetermined fixed current to two transistors which 
constitute said differential circuit. It is set as ON condition at the time of a standup of an optical output 
wave of said semiconductor light emitting device connected to a serial at an input of said transistor, 
respectively. The 1st resistor set as the 1st transistor for a switch set as an OFF condition at the time of 
falling of said optical output wave, and resistance which controls a ringing at the time of a standup of 
said optical output wave. Connect with the 1st transistor for a switch, and said 1st resistor and 
juxtaposition. [ said ] It is set as an OFF condition at the time of a standup of an optical output wave of 
said semiconductor light emitting device. It is the configuration of having a capacitor set as capacity 
value from which it connects with the 2nd transistor for a switch set as ON condition at the time of 
falling of said optical output wave, and the 2nd [ said ] transistor for a switch at a serial, and falling of 
said optical output wave becomes a high speed. 

[0016] Here, at the time of a standup of said optical output wave, a pulse signal which has a 
predetermined time delay and starts, respectively may be inputted into said two or more differential 
circuits through the 1st [ said ] transistor for a switch, and said 1st resistor, and a pulse signal which 
synchronizes, respectively and starts may be inputted into said two or more differential circuits through 
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the 2nd [ said ] transistor for a switch, and said capacitor at the time of falHng of said optical output 
wave. 

[0017] In a light emitting device actuation circuit constituted as mentioned above, since a pulse signal is 
supplied to each differential circuit through the 1st transistor for a switch and 1st resistor, respectively at 
the time of a standup of an optical output wave, a ringing at the time of a standup of actuation current 
supplied to a semiconductor light emitting device is controlled. 

[0018] Moreover, since a pulse signal is supplied to each differential circuit through the 2nd transistor 
for a switch and 2nd resistor (or capacitor), respectively at the time of falling of an optical output wave, 
actuation current supplied to a semiconductor light emitting device can be brought down at a high speed. 

[0019] 

[Embodiment of the Invention] Next, this invention is explained with reference to a drawing. 
[0020] Drawing 1 is the circuit diagram showing the example of 1 configuration of the light emitting 
device actuation circuit of this invention. 

[0021] As shown in drawing 1 , the light emitting device actuation circuit 1 of this invention is the 
configuration of having the current sources 21-24 for passing predetermined fixed current in the 
transistors QA1-QA4 for supplying pulse current to a laser diode LD, QB1-QB4 and transistors QAl- 
QA4,andQBl-QB4. 

[0022] Transistors QAl and QBl, transistors QA2 and QB2, transistors QA3 and QB3, and transistors 
QA4 and QB4 form the differential circuit by connecting emitters, respectively. 
[0023] A power supply VEE is connected to the emitter of transistors QAl and QBl through a current 
source 21, and the power supply VEE is connected to the emitter of transistors QA2 and QB2 through 
the current source 22. Moreover, a power supply VEE is connected to the emitter of transistors QA3 and 
QB3 through a current source 23, and the power supply VEE is cormected to the emitter of transistors 
QA4 and QB4 through the current source 24. 

[0024] Respectively it connects in common, the collector of transistors QA1-QA4 is connected to the 
cathode of the laser diode LD which is a semiconductor light emitting device, and the power supply 
VCC (> VEE) is connected to the anode of a laser diode LD. Moreover, the collector of transistors QBl- 
QB4 is connected in common, respectively, and the power supply VCC is connected, 
[0025] Transistor SW- for a switch and resistor RB1+ which were cormected to the serial in the base of a 
transistor QA 1, and transistor SWfor switch+ and resistor RA1+ which were connected to the serial are 
connected to juxtaposition. 

[0026] Similarly, in the base of a transistor QA 2, transistor S W- for a switch and resistor RB2-t-, and 
transistor SWfor switch+ and resistor RA2+ are connected to juxtaposition, and transistor SW- for a 
switch and resistor RB3+, and transistor SWfor switch+ and resistor RA3+ are connected to the base of 
a transistor QA 3 at juxtaposition. Moreover, in the base of a transistor QA 4, transistor SW- for a 
switch and resistor RB4+, and transistor SWfor switch+ and resistor RA4+ are connected to 
juxtaposition. 

[0027] On the other hand, transistor SW- for a switch and resistor RBI- which were connected to the 
serial in the base of a transistor QBl, and transistor SWfor switchH- and resistor RAl- which were 
connected to the serial are connected to juxtaposition. 

[0028] Similarly, in the base of a transistor QB2, transistor SW- for a switch and resistor RB2-, and 
transistor SWfor switch+ and resistor RA2- are cormected to juxtaposition, and transistor SW- for a 
switch and resistor RB3-, and transistor SWfor switch+ and resistor RA3- are connected to the base of a 
transistor QB3 at juxtaposition. Moreover, in the base of a transistor QB4, transistor SW- for a switch 
and resistor RB4-, and transistor SWfor switch+ and resistor RA4- are connected to juxtaposition. 
[0029] Resistor RA1+-RA4+ and resistor RAl - - RA4- are set as comparatively big resistance which 
fully controls the ringing at the time of the standup of an optical output wave, respectively. Moreover, 
resistor RBI +-RA4+ and resistor RBI- - RB4- are set as comparatively small resistance which fiiUy 
brings down an optical output wave at a high speed, respectively. 

[0030] Moreover, it is the configuration that the inductor LI was inserted in the serial equivalent with 
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the circuit pattern between the laser diode LD and the collector of transistors QA1-QA4, and the 
capacitor CI was inserted between touch-down potentials like the conventional light emitting device 
actuation circuit. Moreover, it is the configuration that the inductor L2 was inserted in the serial 
equivalent with the circuit pattern between the collectors of a power supply VCC and transistors QBl- 
QB4, and the capacitor C2 was inserted between touch-down potentials. 

[003 1] In addition, although drawing 1 shows the configuration in which four differential circuits were 
connected to juxtaposition, it is not limited to four, and with [ the number of differential circuits ] two 
[ or more ], it is good without limit. In that case, what is necessary is to connect a current source to the 
emitter of each transistor like the circuit shown in drawing 1 , respectively, and just to connect a resistor 
and the transistor for a switch to the base of each transistor like the circuit shown in drawing 1 , 
respectively. 

[0032] In such a configuration, drawing 2 - drawing 4 are used and explained below about actuation of 
the light emitting device actuation circuit 1 of this operation gestalt. 

[0033] Drawing 2 is the wave form chart showing the situation of the pulse signal inputted into the 
differential circuit of the light emitting device actuation circuit shown in drawing 1 , and drawing 3 is 
the wave form chart showing the situation of the control signal inputted into the transistor for a switch of 
the light emitting device actuation circuit shovm in drawing 1 . Moreover, drawing 4 is the wave form * 
chart showing the situation of the actuation current supplied to the laser diode shown in drawing 1 . 
[0034] The light emitting device actuation circuit 1 shown in drawing 1 supplies pulse-like actuation 
current to a laser diode LD, and a pulse-like light wave form is outputted from a laser diode LD. 
[0035] At the time of the standup of an optical output wave, "L" is supplied to each transistor SWfor 
switch+, it is set as ON condition, respectively, "H" is supplied to each transistor SW- for a switch, and 
it is set as an OFF condition, respectively. 

[0036] At this time, the pulse signal inputted into input terminal IN+Al - A4, and IN-Al - A4 through 
resistor RA1+-RA4+ and RAl- - RA4- is supplied to transistors QAr-QA4 and the base of QB1-QB4. 
[0037] On the other hand, at the time of falling of an optical output wave, "H" is supplied to each 
transistor SWfor switch+, it is set as an OFF condition, respectively, "L" is supplied to each transistor 
SW- for a switch, and it is set as ON condition, respectively. 

[0038] At this time, the pulse signal inputted into input terminal IN+Bl - B4, and Dsf-Bl - B4 through 
resistor RB1+-RB4+ and RBI- - RB4- is supplied to transistors QA1-QA4 and the base of QB1-QB4. 
[0039] When "H" is supplied to transistors QA1-QA4 and "L" is supplied to transistors QB1-QB4, 
actuation current is supplied to a laser diode LD. Moreover, when "L" is supplied to transistors QAl- 
QA4 and "H" is supplied to transistors QB1-QB4, supply of actuation current is suspended. 
(1) Explain the actuation at the time of the standup of an optical output wave of the laser diode LD 
shown in standup actuation **** of an optical output wave, and drawing 1 . 

[0040] Pulse signal IN+Al shown in drawing 2 - IN+A4 are inputted into input terminal IN+Al shown 
in drawing 1 - IN+A4, and the signal of pulse signal IN+Al - IN+A4, and an opposite phase shown in 
drawing 2 is simultaneously inputted into input terminal IN-Al - IN-A4. In addition, pulse signal IN+Al 

- IN+A4 are signals which have a time delay tdp (tpdl-tpd3), respectively, and start, as shown in 
drawing 2 . 

[0041] Moreover, control signal CIN+ shown in drawing 3 is inputted into each transistor SWfor 
switch+ shown in drawing 1 , respectively, and control signal CIN- shown in drawing 3 is inputted into 
each transistor SW- for a switch, respectively. 

[0042] Here, as shown in drawing 3 , control signal CIN+ is set as the timing which will always be in 
the "L" condition (transistor SW+ for a switch is ON condition), when pulse signal IN+Al - IN+A4 
(IN+ (1-4)) change from "L" to "H". Moreover, control signal CIN- is set as the timing which will 
always be in "H" condition (transistor SW- for a switch is an OFF condition), when pulse signal IN+Al 

- IN+A4 (IN+ (1-4)) change from "L" to "H". 

[0043] Therefore, pulse signal IN+Al shown in drawing 2 through resistor RA1+ shown in drawing 1 - 
RA4+ - IN+A4 are supplied to transistors QA1-QA4, and the signal of pulse signal IN+Al - IN+A4, and 
an opposite phase shown in drawing 2 through resistor RAl - - RA4- is supplied to them at transistors 
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QB1-QB4. 

[0044] At this time, the wave-Hke actuation current which increases gradually synchronizing with each 
standup of pulse signal IN+Al shown in the laser diode LD at drawin g 2 - IN+A4 as shown in drawing 
4 is supplied. Each programmed current of current sources 21-24 is supplied, respectively, and, 
specifically, actuation current increases in order of Idcl, Idcl+Idc2, Idcl+Idc2+Idc3, and 
Idcl+Idc2+Idc3+Idc4, 

[0045] Therefore, the standup of an optical output wave of a laser diode LD also becomes a stairway 
configuration as shown in drawing 4 . Therefore, the ringing of an optical output wave is controlled. 
[0046] In addition, the actuation current wave form of the laser diode LD shown in drawing 4 has the 
equal current value which flows to each current sources Idcl-Idc4, although the wave supposing the case 
where the time delays tpdl-tpd3 of pulse signal IN+Al - IN+A4 are equal respectively is shown, it is 
changing these values, respectively and it is also possible to operate an actuation current wave form 
orthopedically in the configuration of a request of a standup. 

(2) Explain optical output wave falling actuation, next the falling actuation of an optical output wave of 
the laser diode LD shown in drawing 1 . 

[0047] Pulse signal IN+Bl shown in drawing 2 - IN+B4 are inputted into input terminal IN+Bl shown 
in drawing 1 - IN+B4, and the signal of pulse signal IN+Bl - IN+B4, and an opposite phase shown in 
drawing 2 is simultaneously inputted into input terminal FN-Bl - rN-B4. In addition, pulse signal IN+Bl 

- IN+B4 are pulse signals which synchronize, respectively and start, as shown in drawing 2 . 

[0048] Moreover, as shown in drawing 3 , control signal CIN+ is inputted into transistor SWfor switch+ 
shown in drawing 1 , respectively, and control signal CIN- is inputted into transistor SW- for a switch, 
respectively. 

[0049] Here, as shown in drawing 3 , control signal CIN+ is set as the timing which will always be in 
"H" condition (transistor SW+ for a switch is an OFF condition), when pulse signal IN-Bl - IN-B4 (IN- 
(1-4)) change from "L" to "H". Moreover, control signal CIN- is set as the timing which will always be 
in the "L" condition (transistor SW- for a switch is ON condition), when pulse signal IN-Bl - IN-B4 
change from "L" to "H". 

[0050] Therefore, pulse signal IN+B 1-4 shown in drawing 2 through resistor RBI + shown in drawing 1 

- RB4+ is supplied to transistors QA1-QA4, and the signal of pulse signal IN+B 1-4 and an opposite 
phase shown in drawing 2 through resistor RBI - - RB4- is supplied to them at transistors QB1-QB4. 
[0051] While "H" is supplied as pulse signal IN+B 1-4 shov^ in transistors QA1-QA4 at drawing 2 and 
"L" is supplied to transistors QB1-QB4, actuation current is supplied to a laser diode LD. And pulse 
signal IN+B 1-4 supplied to transistors QA1-QA4 switches to "L", and supply of actuation current is 
suspended to thei timing firom which pulse signal IN+B 1-4 supplied to transistors QB1-QB4 switched to 
"H". 

[0052] As are shown in drawing 2 , and pulse signal IN+B 1-4 shows the actuation current currently 
supplied to the laser diode LD since the standup synchronized, respectively (there is no time delay tdp 
respectively) to drawing 4 , it falls without a level difference. Therefore, as the falling wave of the 
optical output of a laser diode LD is also shown in drawing 4 , it falls without a level difference. 
[0053] Therefore, according to the light emitting device actuation circuit of this operation gestalt, an 
optical output wave can be brought down at a high speed, controlling the ringing of the standup of an 
optical output wave of a laser diode LD. 

[0054] In addition, although the light emitting device actuation circuit shown in drawing 1 shows the 
example which constituted transistors QA1-QA4, and QB1-QB4 from a bipolar transistor, transistors 
QA1-QA4, and QB1-QB4 may consist of MOS (Metal Oxide Semiconductor) mold transistors. 
[0055] Moreover, resistor RBI +-RB4+ shown in drawing 1 and RBI - - RB4- may be transposed to 
capacitor CB1+-CB4+ and CBl - - CB4-, respectively, as shown in drawing 5 . In this case, the capacity 
value of capacitor CB1+-CB4+ and CBl- - CB4- is set as a value from which falling of an optical output 
wave fully becomes a high speed, respectively, making it such a configuration - the frequency 
characteristic of the request to transistors QA1-QA4 and the input impedance of QB1-QB4 it can give 

- a sake ~ more — a high speed - an optical output wave — it can bring down - coming . 
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[0056] 

[Effect of the Invention] Since this invention is constituted as explained above, the effect indicated 

below is done so. 

[0057] Since a pulse signal is supplied to each differential circuit through the 1st transistor for a switch 
and 1st resistor, respectively at the time of the standup of an optical output wave, the ringing at the time 
of the standup of the actuation current supplied to a semiconductor light emitting device is controlled. 
[0058] Moreover, since a pulse signal is supplied to each differential circuit through the 2nd transistor 
for a switch and 2nd resistor (or capacitor), respectively at the time of falling of an optical output wave, 
the actuation current supplied to a semiconductor light emitting device can be brought down at a high 
speed. Therefore, the optical output wave which falls to a high speed can be acquired from a 
semiconductor light emitting device, controlling the ringing at the time of a standup. 



[Translation done.] 
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